In Sub-Saharan Africa, climate change is set to hit the agricultural sector the most and cause untold suffering particularly for smallholder farmers. To cushion themselves against the potential welfare losses, smallholder farmers need to recognize the changes already taking place in their climate and undertake appropriate investments towards adaptation. This study investigates whether smallholder farmers in Tanzania recognize climate change and consequently adapt to it in their agricultural activities. The study also investigates the factors influencing their choice of adaptation methods to climate change To do this, the study collected and analyzed data from 556 randomly selected households in a sample of districts representing the six agro-ecological regions of the country. The data shows that Tanzanian smallholder farmers have observed changes in mean and variance precipitation and temperature and responded to it The farmers have generally used shortseason crops, drought-resistant crops, irrigation, planting dates and tree planting to adapt to the potential negative impacts of climate change on their agricultural yields. A binary logit model is used to investigate the factors influencing a famer's decision to undertake any adaptation at all to climate change while a multinomial logit model is used to investigate the factors influencing farmers' choice of specific adaptation methods. The Tanzanian government needs to help smallholder farmers overcome constraints they face in taking up adaptation to climate change. Furthermore, the government can play a significant role by promoting adaptation methods appropriate for particular circumstances e.g. particular crops or agro-ecological zones.
Introduction
Agriculture is the most important sector in Sub-Saharan Africa (SSA) and it is set to be hit the hardest by climate change. 1 Indeed, several studies confirm climate change's negative impact on agriculture (see for . Climate change will affect the agricultural sectors of different countries differently. However, it is clear that climate change will bring about substantial welfare losses especially for smallholders whose main source of livelihood derives from agriculture. There is a need for nations to neutralize the potential adverse effects of climate change if welfare losses to this vulnerable segment of the society are to be avoided. Adaptation seems to be the most efficient and friendly way for farmers to reduce the negative impacts of climate change (Füssel et al., 2006) . This can be done by the smallholder farmers themselves taking adaptation actions in response to climate change or by governments implementing policies aimed at promoting appropriate and effective adaptation measures.
In order to implement appropriate interventions, governments need to understand the opportunities for adaptation and the key drivers behind voluntary adaptation by vulnerable smallholder farmers or lack thereof. Some studies report that agricultural measures such as the use of improved crop varieties, planting trees, soil conservation, changing planting dates, and irrigation are the most used adaptation strategies in African countries while other studies have pointed out several socio-economic, environmental and institutional factors as well as the economic structure as key drivers influencing farmers to choose specific adaptation methods in Africa as a whole and in some specific SSA countries (Deressa et al., 2009; Kabubo-Mariara, 2008; Mideksa, 2009; and Bryan et al, 2009 ) Thus, there is a need for each nation to understand the scope and drivers of adaptation to climate change particularly amongst its smallholder farmers in order to craft appropriate policy responses as vulnerability and sensitivity of each country to climate change differs and so does the accessibility of the different adaptation methods.
Tanzania is one of the SSA countries in which agriculture is the backbone of the economy. Thus, agriculture remains the largest sector in the economy and hence its performance has a significant effect on output and corresponding income and poverty levels (United Republic of Tanzania, 2003) . Tanzanian agriculture is the major source of food, and accounts for about 45 percent of GDP, 60 percent of merchandise exports, 75 percent of rural household incomes and 80 percent of the population's source of employment (Andersson et al, 2005) . Furthermore, agriculture stimulates economic growth indirectly through 1 Climate consists of the statistics of temperature, rainfall, wind, humidity, atmospheric pressure, and other meteorological elemental measurements in a given region over long periods. This is unlike weather, which is the present condition of these elements and their variations over shorter periods. Climates can be classified according to the average and the typical ranges of different variables, most commonly precipitation and temperature (Trenberth et al, 2000) . In this paper, we use the term climate change to refer to any long term (i.e. decadal) variation in climate regardless of cause.
larger consumption linkages with the rest of the economy than other sectors. Higher and sustained agricultural growth is needed to meet Tanzania's National Strategy for Growth and Reduction of Poverty (NSGRP, also called MKUKUTA in Kiswahili) and Millennium Development Goals of halving poverty and food insecurity by 2015 (United Republic of Tanzania, 2003) .
Key constraints to achieving Tanzania's agricultural growth targets include: (i) High transaction costs due to the poor state or lack of infrastructure; (ii) Under-investment in productivity enhancing technologies; (iii) Limited access to technology demand and delivery channels -with 60-75 percent of households estimated to have no contact with research and extension services; (iv) Limited access to financing for the uptake of technologies; (v) Un-managed risks with significant exposure to variability in weather patterns with periodic droughts. The impact of these events is amplified by the dependency on rain-fed agriculture and the limited capacity to manage land and water resources; (vi) Weak coordination and capacity in policy, and the formulation and implementation of public intervention among the various actors in the sector (United Republic of Tanzania, 2003) . Recently, the Tanzanian government adopted the Agricultural Sector Development Strategy (ASDS) and the operational programme (ASDP). The plan for this strategy is to achieve a sustained agricultural growth of about 5 percent annually primarily through the transformation from subsistence to commercial agriculture. However, the agricultural development strategy needs to also address the serious challenges posed by climate change, which can become a crucial limiting factor for agricultural growth in the medium to long term. So far, the issue of climate change in relation to agriculture has not been given sufficient attention. Accordingly, this study will attempt to gather evidence which can form the basis for mainstreaming climate change in discussions about the agricultural sector.
It is important to know whether farmers respond to their perceptions about events. If they do and they recognize that climate change is occurring then the state would simply need to help them overcome constraints they face in taking up appropriate adaptation to climate change. On the other hand, if they do respond to their perceptions about events but do not recognize that climate change is occurring then the state would need to ensure that they have awareness about the occurrence of climate change. However, if farmers do not respond at all to their perceptions about events then the state would need to be actively involved in ensuring that farmers undertake appropriate adaptation to climate change if the impending welfare losses to this vulnerable group in society are to be abated.
The main purpose of this study is threefold: (i) to investigate whether smallholder farmers in Tanzania perceive climate change, (ii) to investigate whether, as a consequence, they adapt at all to it in their agricultural activities, and (iii) to investigate the factors influencing their choice of particular adaptation methods to climate change. To do this, this study collects and analyzes data from 556 randomly selected smallholder farming households from four representative administrative regions representing the six agro-ecological regions of the country. The rest of the paper is arranged as follows: After this introductory section, section 2 reviews relevant previous studies on adaptation to climate change by individual farmers Section 3 discusses the methodology, variables and data used in this study. Section 4 presents and discusses the results. Section 5 draws policy implications and concludes the paper. 2009), it seems that the easiest way of assessing farmers' awareness about climate change is to ask a sample whether they have observed a change in the climate across two adjacent decades (eg. between the 1990s and the 2000s both in terms of the means and variances of precipitation and temperature). In that respect, our study will use that approach in investigating whether smallholder farmers in Tanzania perceive climate change. One would expect that farmers who recognize climate change will take some actions to cushion themselves against its adverse effects. In the Ethiopian study, 58% of farmers who claimed to have observed changes in climate over the past 20 years had responded to it by undertaking some adaptation measure. In fact, several studies report agricultural adaptation measures such as the use of crop varieties, planting trees, soil conservation, changing planting dates, and irrigation as the most used adaptation methods in African countries (Deressa et al., 2009; Kabubo-Mariara, 2008; Mideksa, 2009; and Bryan et al, 2009 ). However, it is clear that not all farmers will adapt to climate change for various reasons.
Several factors have been put forward to explain the presence or absence of adaptation to climate change. Downing et al. (1997) explore fairly standard variables 2 to explain adaptation in Africa. Nhemachena and Hassan (2007) identified the important determinants of adaptation to climate change in South Africa, Zambia and Zimbabwe to be access to credit and extension, and also farmers' awareness about climate change. As such, that study suggested enhancing access to credit and information about climate and agronomy so as to boost farmers' adaptation to climate change. Ishaya and Abaje (2008) found that lack of awareness and knowledge about climate change and adaptation strategies, lack of capital and improved seeds, and lack of water for irrigation played an important role in hindering adaptation to climate change in Jema'a Nigeria. Gbetibouo (2009) proposed that the major driver influencing farmers' adaptation to climate change in Limpopo basin, South Africa, is the way that they formulate their expectations of future climate in dealing with the changing weather patterns. According to that study, the major factor restraining farmers' adaptation to climate change is inadequate access to credit. He argued as well that among other things, the main factors that promote adaptive capacity are farmers' income, the size of the household, farmers' experience, and engaging in non-farm activities.
While analyzing farmers' perception of climate change governance and adaptation constraints in the Niger Delta region of Nigeria, Nzeadibe et al. (2011) also pointed out that the factors responsible for hindering adaptation to climate change are inadequate information, narrow awareness and knowledge about adaptation methods, and poor government attention to climate change. Deressa et al. (2011) also finds that education and gender of the head of the household, size of the household, livestock ownership, availability of credit and environmental temperature significantly influence the presence of farmers' adaptation to climate change.
For those farmers who undertake any adaptation at all, the choice of particular adaptation methods depends on a number of factors including socioeconomic, environmental and institutional factors as well as the economic structure. Thus, the choice of adaptation methods depends on a range of variables which are considered important for the availability, accessibility and affordability of particular adaptation methods. Several studies have identified specific variables which may positively or negatively affect the choice of particular adaptation methods. Deressa et al (2009) concluded that farmers' education, access to extension and credits, climate information, social capital and agro-ecological settings have great influence in farmers' choice of adaptation methods to climate change while financial constraints and lack of information about adaptation methods hinders the farmers' uptake of other adaptation methods.
In analyzing options and constraints in adapting to climate change in Ethiopia and South Africa, Bryan et al (2009) insisted on farmers' better understanding of climate change as the way of reducing its negative impacts. That study found that government farm support, farmers' income, and access to fertile land and credit influence the choice of adaptation methods in South Africa while access to extension and credit, farmers' income and information about climate change influence the choice of adaptation methods in Ethiopia. That study further found that the main barrier to uptake of other adaptation methods in both countries was lack of access to credit.
Each of the studies discussed above has something to offer to the big picture. However, as mentioned earlier, what is important for uptake of adaptation to climate change is the availability, accessibility and affordability of adaptation methods to climate change. Indeed, a lot of socio-economic variables have been investigated for their impacts on the choice of adaptation methods in different agro-ecological zones. For example, Downing's et al (1997) explores the standard variables to explain adaptation strategies in Africa but investigates specific factors affecting choice of adaptation strategies in the case of specific countries.
In that respect, the current study will examine how social economic factors, environmental factors, institutional factors and the economic structure influence Tanzanian farmers' choice of adaptation methods to climate change. Thus, this study will include variables which capture the availability, accessibility and affordability of adaptation methods to Tanzanian smallholder farmers The starting point will be the following variables identified from literature: access to credit and extension, farmers' awareness about climate change knowledge about climate change and adaptation strategies, availability of capital and improved seeds, availability of water for irrigation, farmers' income, the size of the household, farmers' experience, engaging in non-farm activities, knowledge about adaptation methods, education and gender of the head of the household, livestock ownership, social capital agro-ecological settings government farm support, access to fertile land
Methodology
This section provides an overview of the methodology used in addressing each of the objectives of this study. To reiterate, this study will investigate (i) whether smallholder farmers in Tanzania recognize climate change, (ii) whether, as a consequence, they adapt at all to it in their agricultural activities, and (iii) the factors influencing their choice of adaptation methods to climate change. In order to determine whether smallholder farmers in Tanzania recognize climate change, a sample of smallholder farmers were asked whether they have observed a change in the climate across two adjacent decades (i.e. between the 1990s and the 2000s both in terms of the means and variances of precipitation and temperature).
Binary Logit Model: Farmers' decision to undertake any adaptation at all
In order to determine whether adaptation is undertaken in response to observation of climate change (i.e. to determine the relationship between undertaking any adaptation at all and the observation of climate change), among other factors, a probability model is used where the binary dependent variable is a dummy for undertaking any adaptation at all (i.e. Y i has only two possible values, 1 or 0, for either adapting or not adapting to climate change) Thus,
It is assumed that the probability of observing farmer i undertaking any adaptation at all (Y i =1) depends on a vector of independent variables (X i ), unknown parameters (α), and the stochastic error term (ε i ) (Gujarati 2003) . The probability of observing farmer i undertaking any adaptation at all P(Y i =1|X i )) has empirically been modelled as a function of independent variables such as experience of the household head, gender of the household head, education of the household head, highest educational attainment of the household, household income, whether a farmer has observed decadal changes in rainfall and temperature, general availability of information about climate change, agro-ecological zones, distance from inputs markets and so on.
Assuming that the cumulative distribution of ε i is logistic, the probability that the farmer adapts to climate change is estimated using the logistic probability model specified as (Woodridge 2001):
where Λ is the logistic cumulative distribution function. This model implies diminishing magnitude of the marginal effects for the independent variables and the coefficients give the signs of the marginal effects of each of the independent variables on the probability that the farmer undertakes any adaptation at all to climate change. The corresponding log likelihood function for the probability is:
where I i is the dummy indicator equal to 1 if the farmer i undertakes any adaptation at all to climate change and 0 otherwise. The consistent maximum likelihood parameter estimates are obtained by maximizing the above log likelihood function. The marginal impact for each variable on the probability level is given by:
while the marginal effect for a dummy variable, say X k , is the difference between two derivatives evaluated at the possible values of the dummy i.e. 1 and 0, Thus,
The Multinomial Logit Model: Farmers' choice of different adaptation methods
In order to determine the factors influencing the farmers' choice of particular adaptation methods to climate change, another probability model is used where the dependent variable is multinomial with as many categories as the number of adaptation methods to climate change available in the sampled population Thus, when it comes to the choice of a particular adaptation method the model assumes that farmer i maximizes his perceived utility from using a certain adaptation method subject to given factors. In this case, utility is observed through the actions of the farmer in choosing adaptation methods The farmer's choice of one adaptation method among others is modeled in a random utility framework. The utility function is only partially observed Following Cameron and Trivedi (2005), the partially observable utility attached to each adaptation method j=0,1,. . . ,J by farmer i can be expressed as:
where j=0 indicates that the farmer chooses not to adapt and j=1,2,..,J indicates the available suite of adaptation methods from which farmers can choose; X is a vector of farmers' characteristics and other factors that may affect farmers' choice of particular methods; β are unknown parameters to be estimated 3 and ε are idiosyncratic factors and they are independent from each other. Given the several choices that farmers face, the rule is to choose the adaptation method which gives the highest utility, i.e. the farmer will choose option 5 only if
In this case, the probability that the farmer will choose option 5 can be defined as
The The MNL Model has the following response probabilities:
where β j is a Kx1 vector and j=0,1,2,. . . ,J Equation 6 can only provide the direction of the effect of contextual background on choosing a particular adaptation method. The marginal effects are obtained by differentiating equation 6 with respect to independent variables of interest. The marginal probability for a typical independent variable is given as:
Description of the Variables
From the review of relevant literature we identified a set of variables which might be important in explaining the uptake of adaptation to climate change, in general, and the choice of specific adaptation methods to climate change. These include socio-economic factors, environmental factors, institutional factors, and the economic structure 
Socio-economic variables
One key socio-economic variable is household consumption and income, both farm income derived from selling farm products such as maize, rice, cassava, sorghum, bananas, etc. and non-farm income derived from other non-farm activities including incomes from small businesses (kiosks), wages, etc Household income is expected to be positively related to undertaking adaptation to climate change, that is, the more income the farmer has, the more he/she will undertake adaptation. Non-farm income is also relevant here because farmers generally finance adaptation from their overall incomes regardless of source. Another key variable is awareness about climate change and adaptation methods, that is, whether farmers have some information about climate change and various adaptation methods This can be obtained through radios, TVs, newspapers etc. and having awareness about climate change and the different adaptation methods gives a farmer a wide range of options for responding to climate change and allows them to choose those methods which are more convenient to him/her.
The experience in farming of the household head is expected to be positively related to undertaking adaptation. A farmer with more experience would know when climate change is occurring in their area and which methods work well in his/her agro-ecological zone. The selection of particular crops to be grown as the household's major crop is also an important factor in choosing certain adaptation methods. Larger households are expected to offer more technical and manual skills required responding to climate change. Higher educational credentials of the household head and any other member of the household with the highest education increase the knowledge base about climate change and related adaptation.
Environmental variables
The environmental variables used in this study are incidences of droughts and floods; for the different agro-ecological zones; the farmer's observation of changes in rainfall and temperature; and the average annual rainfall and temperature for the respective regions under study. These variables are important as they help give comprehendible signs of climate change at the farm level. Farmers who experience increased incidents of either droughts or floods are more likely to adapt to climate change Moreover, farmers who observed changes in rainfall and temperature are more likely to adapt to climate change. The location of plots in certain agro-ecological zones influences the adaptation modes used.
Institutional variables
Institutional factors include all social mechanisms of interaction, which are used to manage adaptation to climate change. These mechanisms include: rules, regulations enforcement and agricultural extension, which determine access to adaptation. Government intervention is of great importance here especially now that Tanzania is implementing the "Kilimo Kwanza" policy which seeks to promote sustainable growth of the agricultural sector. However, the presence of enormous social capital within the farming communities is probably more important. Thus, farmers can potentially receive technical support about adaptation to climate change from both the Government and community groups.
The economic structure
The economic structure is an important determinant of the uptake of adaptation to climate change. Here, the economic structure includes the market conditions governing agricultural activity and other economic alternatives. For example farm size, access to formal and informal credits 7 , distance from inputs and output markets have a lot to say about agricultural productivity and the uptake of adaptation to climate change
Description of the Data
This study uses a survey dataset collected from 556 randomly selected farmers from December 2010 to January 2011 in four administrative regions of Tanzania namely Iringa, Morogoro, Dodoma, and Tanga These four were purposely chosen out of 26 regions in order to capture as many agro-ecological zones and therefore climate change impacts in Tanzania. The four selected regions represent six of seven agro-ecological zones in Tanzania as reported in United Republic of Tanzania (2007): coastal, arid, plateau, southern highlands, alluvial plains, and semi-arid 8 Data were collected from farmers using a structured questionnaire and face-to-face interviews. 9 Most importantly, farmers were asked to compare the climate between the 1990s and the 2000s decades with respect to mean and variance precipitation and temperature and if they had observed changes they were later asked about the ways in which they had responded to the perceived climate changes. Here, farmers were asked to mention the methods they had used in the last decade to respond to the perceived climate change. About 34% of surveyed farmers did not undertake any adaptation at all. For those farmers undertaking adaptation, the dominant methods were planting short season crops (134 farmers, 24.1%), planting crops resistant to drought (96 farmers, 17.3%), changing planting dates (63 farmers, 11.3%), planting trees (41 farmers, 7.4%), and irrigation (31 farmers, 5.6%). 10 The descriptive statistics of the explanatory variables which will later be used in the analysis are presented in Table 1 .
Results and Discussion
Farmers were asked to compare the climate between the 1990s and the 2000s decades with respect to mean and variance precipitation and temperature. Five hundred and fifty farmers (98.9%) perceived mean and variance changes in both precipitation and temperature On the one hand, mean precipitation was perceived to have decreased while the variance of precipitation had increased. On the other hand, both the mean and variance of temperature were perceived to 8 There is a need for diversity in order to get a good proxy for climate change so that the results obtained from the study can be generalized to the rest of the country. 9 During the processes, participation was voluntary and ethical considerations were taken into account with the farmers being assured of the confidentiality of the information they revealed 10 Given that farmers may have several plots on which they might use different adaptation measures, we assigned each farmer their dominant adaptation method in the investigation on the factors influencing choice of adaptation methods to climate change. Thus for example, if a farmer has a total of 3 hectares and uses different adaptation methods to deal with climate change say, by planting short season crops on 1.5 hectares, irrigating on 1 hectare, and planting trees on 0.5 hectares we assigned the planting of short season crops as the dominant adaptation method. Each adaptation method dummy is assigned 1 whenever a farmer implements that as a dominant adaptation method and 0 otherwise. The type of adaptation methods included in this study are irrigation, changes in planting dates (i.e. early or late planting depending on availability of rainfall); planting crops which are resistant to drought; planting same crop but different varieties (e.g. short season instead of long season maize); and planting trees across farms 11 have increased. In fact, 553 farmers (99.46%) perceived climate changes either with respect to precipitation or temperature. Only 3 farmers (0.54%) did not perceive climate change to be occurring Thus, there is overwhelming evidence that Tanzanian smallholder farmers perceive climate change to have occurred over the past two decades (i.e. 1990s vs. 2000s).
It is necessary to know whether farmers' perceptions about climate change are consistent with reality. If their perceptions deviate from fact then there is a risk that they might not respond at times when they should be responding. Even though climate change is a rather long term phenomenon, there seems to be evidence that climate change has been occurring in the study areas across the two decades in question 11 Statistical evidence from data provided by Tanzania Meteorological Agency shows a decrease in mean decadal rainfall from 847.3 in the 1990s to 763.5 in the 2000s and an increase in mean decadal temperature from 23.20 in the 1990s to 23.8 in the 2000s; as well as an increase in the decadal variances of both rainfall and temperature, that is, the rainfall decadal variance rose from 8476.08 in the 1990s to 41934.1 in the 2000s and the temperature decadal variance rose from 7 in the 1990s to 8 in the 2000s Thus, farmers seem to be generating perceptions about climate change which are consistent with reality and, therefore, a pro-adaptation response to their perceptions would be appropriate and helpful to government efforts to avoid potential losses from the effects of climate change to this vulnerable group Now that we have found evidence that Tanzanian smallholder farmers perceive climate change to be occurring in their areas, we will proceed to investigate the other two objectives of the study namely investigating whether, as a consequence of their perceptions about climate change, they adapt at all to it in their agricultural activities, and investigating the factors influencing their choice of adaptation methods to climate change. We performed multicollinearity tests to check whether independent variables in the models to be estimated do not provide redundant information about the response variables We tested for the presence of multicollinearity using the Variance Inflation Factor, VIF j =1/(1-R 2 j ) where R 2 j is the coefficient of determination of the model which includes all independent variables except the j th variable. Table 2 below shows that the VIF for all variables are less than 10; hence we can conclude that there is no problem with multicollinearity.
We ran a binary logit model to investigate the factors influencing adaptation to climate change in general. Table 3 reports the results from the logit model estimating the probability of a typical farmer undertaking adaptation to climate change in Tanzania. The log-likelihood ratio test strongly rejects the null hypothesis: we therefore conclude that the variables included in the model explain the variation in the regressand.
The results of the logit model suggest that the probability of a typical Tanzanian farmer adapting to climate change increases with the highest education in the household; having observed climate change with respect to precipitation and temperature across the two decades; the frequency of drought experienced during the past 20 years; growing rice as the major crop; and agro-ecological zone. The results also suggest that the probability of undertaking adaptation to climate change decreases with temperature and rainfall levels in the farming area. Farmers located in the alluvial plains, arid, semi-arid, and southern highlands agro-ecological zones tend to do less adaptation compared to those located in the plateau agro-ecological zone. However, farmers located in the coastal agro-ecological zone tend to do the most adaptation.
The logit model parameters are estimable up to a scaling factor. The coefficients of the logit model give the change in the mean of the probability distribution of the dependent variable associated with the change in one of the explanatory variables, but these effects are usually not of primary interest. The marginal effects on the probability of possessing the characteristic can be of more use. The marginal effects vary across individuals and in this case, indicate by how much the probability of a farmer undertaking adaptation to climate change changes with changes in the explanatory variables. Table 3 also reports the marginal effects.
The marginal effect for having observed changes in rainfall and temperature across the two decades is 43.4 percent. This implies that farmers who have observed climate change with respect to precipitation and temperature across the past two decades have a 43.4 percent higher probability of adapting to climate change above the base case. This result is largely expected because respondents were asked about the adaptation which was undertaken in response to observing climate change. It is nevertheless necessary to test this variable in this way as the model in Table 3 is run using data from all respondents, a few of whom did not perceive climate change to be occurring. The results seen so far with respect to this variable are very important because they provide two confirmations: first, farmers recognize that climate change is occurring; and, second, farmers respond to their recognition of climate change by undertaking adaptation measures. Therefore, the major role that the Tanzanian government needs to occupy itself with surrounding the effects of climate change on smallholder agriculture is simply to help them overcome constraints they face in taking up appropriate adaptation to climate change namely shortage of water, funds and seeds, and poor planning. 12 With respect to education, highly educated farmers or farmers with highly educated members in their households are more likely to undertake adaptation to climate change than farmers with lower education levels in their households. On average, one more year of schooling of the household member with the highest education increases the probability of adapting to climate change by 2.3 percent.
On average, a 1 degree increase in the average annual temperature in the farmer's neighborhood as compared to the 2010 level decreases the probability of adapting to climate change by 5.4 percent. This is a plausible result for crops requiring a higher temperature. At the same time a 1 mm increase in average annual rainfall in the farmer's neighborhood as compared to the 2010 level decreases the probability of adaptation to climate change by 0.1 percent. This seems plausible because most of the adaptation methods that Tanzanian farmers adopt are aimed at dealing with insufficient rainfall The probability of farmers who grow rice as the major crop to adapt to climate change is 28 percent higher than those who do not grow other major crops including maize. Farmers who experience an additional year of drought have a 3 percent higher probability of adapting to climate change Farmers located in the coastal agro-ecological zone are 32.5 percent more likely to adapt to climate change while those who reside in arid, semi-arid, alluvial plains and southern highlands agro-ecological zones are 42 percent, 37.7 percent, 42 percent and 40.3 percent respectively less likely to adapt to climate change compared to those located in the plateau agro-ecological zone Undertaking some adaptation to climate change is a step in the right direction by farmers in Tanzania given that climate change is occurring in that country as well. However, different adaptation methods have different effectiveness hence some methods might be preferred over others. Furthermore, particular adaptation methods might be more appropriate for particular crops or agro-ecological zones. The government can play a significant role by promoting adaptation methods appropriate for particular circumstances. In order to do so, the government would require information about the key drivers of the current choice of adaptation methods. This information gives two useful hints: the social characteristics of farmers who are likely to voluntarily adopt particular adaptation methods, and the environmental, institutional and economic conditions influencing their adoption of particular adaptation methods. The first set of information gives guidance in targeting farmers' recruitment into initiatives aimed at enhancing adaptation to climate change using particular methods. The second set of information gives guidance about the environmental, institutional and economic conditions which need to be changed to promote particular adaptation methods. We will turn to this issue shortly where we shall estimate a multinomial logit model of a farmer's choice of a specific adaptation method to climate change. However, we first need to conduct the Hausman test to determine whether one of the key assumptions underlying the multinomial logit specification is fulfilled (that is, the assumption of Independence of Irrelevant Alternatives (IIA)). The assumption holds when, under the null hypothesis, there is no misspecification of the estimation. The results in Table 4 below show that the IIA assumption holds in all categories (that is the H0 that there is IIA is not rejected).
We ranthe multinomial logit model of a farmer's choice of a specific adaptation method to climate change. The results in Table 5indicate the marginal effects from the multinomial logit model. The results show the direction and the magnitude of the effect of different factors influencing farmer' choice of a particular adaptation method from up to five alternative adaptation methods used by Tanzanian farmers.
Shortseason crops
The results for Method 1 suggest that the probability of using "short-season crops' relative to "no adaptation' increases with incidences of drought; havin received agricultural technical support from community groups or government and being located in the coastal as opposed to the plateau agro-ecological zone; and decreases with rainfall intensity, incidences of floods, being located in arid, alluvial plains and southern highlands as opposed to the plateau agro-ecological zone; and growing rice and sorghum as the major crops Farmers do not generally use short-season crops when rainfall increases. However, an increase in average annual rainfall does not have much impact on farmer' adaptation to climate change using short-season crops because a 1 millimeter increase in average annual rainfall above the 2010 level leads to only a 0.1 percent decrease in the use of short-season crops. While experiencing one more incident of drought results in a 2.3 percent higher probability of using short-season crops, experiencing one more incident of floods results in a 3.7 percent lower probability of using short-season crops. Having received agricultural technical support from either the government and/or community groups increases the farmer' probability of using short season crops by 11.7 percent. This shows the importance of agricultural extension services by government and community groups.
Farmers who grow rice as their major crop have a 20 percent lower likelihood of using short-season crops while those who grow sorghum as their major crop have a 24 percent lower likelihood of using short-season crops compared to their peers growing other major crops. Farmers located in the coastal zone are 31.4 percent more likely to use short-season crops while those located in the alluvial plains, arid, and southern highlands zones are 22 percent, 27.5 percent and 18.4 percent respectively less likely to use short-season crops compared to their peers in the plateau agro-ecological zone
Crops resistant to drought
The results for Method 2 imply that the probability of using "crops which are resistant to drought' relative to "no adaptation' increases with highest education level in the household and rainfall intensity; and decreases with being located in the coastal agro-ecological zone and growing either rice or sorghum as the major crop An additional year of education for the household member with the highest education increases the probability of the household's use of crops which are resistant to drought as their adaptation method by 1.5 percent compared to the base category. An increase in average annual rainfall does not have much impact in farmers' adaptation to climate change using "crops which are resistant to drought' because a 1 millimeter increase in average annual rainfall above the 2010 level only leads to a 0.1 percent increase in the use of crops which are resistant to drought.
Farmers who grow rice as their major crop have a 17.6 percent less likelihood of using crops which are resistant to drought while those who grow sorghum as their major crop have a 17.7 percent higher probability of using crops which are resistant to drought compared to their peers growing other major crops. Being located in the coastal zone decreases the likelihood of using crops which are resistant to drought by 16.7 percent compared to farmers located in the plateau agro-ecological zone.
Irrigation
The results from Method 3 show that the likelihood of using irrigation relative to "no adaptation' increases with growing sorghum as the major cro; and decreases with rainfall intensity, growing rice as the major crop and being located in either coastal or arid agro-ecological zones. Sorghum is one of the crops which are resistant to drought and only requires a small amount of water. Farmers who are currently growing sorghum as the major crop are 99.9 percent likely to use irrigation. This seems to point to the fact that sorghum farmers are located in water-stressed areas and need irrigation to support their other crops. Farmers who grow rice as the major crop have a 1 percent less probability of irrigating their plots. Rice usually does well in paddy fields and wetlands which naturally do not require irrigation.
An increase in average annual rainfall does not have much impact in farmer' adaptation to climate change using "irrigation' because a 1 millimeter increase in average annual rainfall above the 2010 level only leads to a 0.1 percent increase in the use of irrigation. Being located in the coastal and arid zones decreases the probability of use of irrigation by 1.4 and 17 percent respectively compared to farmers located in the plateau agro-ecological zone.
Changing planting date
The results from Method 4 suggest that the likelihood of "changing planting dates' relative to "no adaptation' increases with growing rice as the major crop but decreases with farm size, rainfall and temperature intensity, access to credit, growing sorghum as the major crop, distance from the input market, and being located in arid, alluvial plains, semi-arid, and southern highlands agro-ecological zones.
The probability of farmers adapting to climate change by changing planting dates decreases with farm size. A one-hectare increase in farm size leads to a 3.8 percent lower probability that the farmer changes planting dates in response to climate change This is likely to be so because farmers with larger farms can easily diversify risk from climate change by growing several varieties or crops. On the one hand, farmers who grow rice as their major crop have an 84.2 percent higher probability of changing planting dates compared to those who grow other major crops. On the other hand, farmers who grow sorghum as their major crop have a 9.3 percent lower likelihood of changing planting dates compared to those who grow other major crops.
The marginal effect for credit of -0.06 suggests that changing planting dates is an adaptation method predominantly suitable for those lacking access to credit. Access to credit increases the probability of farmers switching away from changing planting dates by 6 percent. Presumably with access to capital farmers would use other capital-intensive adaptation methods. This signals that lack of access to credit is a significant constraint preventing some farmers from adapting to climate change using other methods besides changing planting dates. Thus, financial institutions such as banks, Savings and Credit Cooperative Society (SACOS) and Village Community Banks (VICOBA) are potentially effective institutions in empowering farmers to reduce the impact of climate change using adaptation methods they deem suitable. In the same way, this also suggests the importance of informal networks including relatives, friends, and neighbors in credit provision for agricultural investments An increase in average annual rainfall does not have much impact in farmer' adaptation to climate change through changing planting dates because a 1 millimeter increase in average annual rainfall above the 2010 level leads to 0.1 percent lower probability of farmers changing their planting dates.The marginal effects for temperature imply that a 1 degree increase in temperature above the 2010 annual average temperature leads to a 4.9 percent lower likelihood of farmers changing planting dates. Thus farmers with higher annual average of temperatures are more likely not to shift their planting dates. Farmers who reside one kilometer away from input market are 1 percent less likely to change their planting dates. Being located in arid, alluvial plains, southern highlands and semi-arid zones decreases the likelihood of farmers changing planting dates by 15.3 percent, 21 percent, 12.1 percent and 13.9 percent respectively compared to those located in the plateau agro-ecological zones.
Planting trees
The results from Method 5 show that the probability of planting trees as an adaptation method to climate change relative to "no adaptation' increases with access to credit and decreases with farm size, distance from the input market, growing sorghum as the major crop, and being located in the coastal agroecological zone Having access to credit increases the probability of planting trees in response to climate change by 0.1 percent. This shows the importance of financial institutions and relatives, friends, and neighbors in credit provision when needed for agricultural investments. Farmers with larger farms tend not to use the planting of trees as adaptation to climate change. Having a larger farm decreases the probability of planting trees in response to climate change by 0.1 percent Farmers who grow sorghum as the major crop have a 0.1 percent lower probability of planting trees as their adaptation method. Being located further away from the input market reduces the likelihood of planting trees by 0.01 percent. Being located in the coastal zone decreases the probability of planting trees in response to climate change by 5.4 percent compared to those located on the plateau agro-ecological zone.
As alluded to earlier, different adaptation methods have different effectiveness hence some methods might be preferred over others. On the basis of the above information about the drivers of specific adaptation methods, the government can play a significant role by promoting adaptation methods appropriate for particular circumstances. The above results give guidance in targeting farmers' recruitment into initiatives aimed at enhancing adaptation to climate change using particular methods as well as guidance about the environmental, institutional and economic conditions which need to be reformed to promote particular adaptation methods. As shown in Table 7 , about 34% of surveyed farmers did not undertake any adaptation at all even though only about 10% of surveyed farmers do not need to undertake any adaptation at all. Thus, a sizeable number of farmers who are currently not undertaking any adaptation at all ought to be doing so. In many cases, farmers are generally constrained from undertaking any adaptation at all but most importantly farmers are constrained from undertaking appropriate adaptation measures. In the absence of constraints, more farmers would have opted for irrigation (28.1% instead of the current 5.6%), planting short season crops (27% instead of the current 24.1%), and planting trees (11.7% instead of the current 7.4%). Thus irrigation is the dominant adaptation method that farmers would ideally want to use to respond to observed climate change but they are
The reasons given by farmers for not using adaptation methods perceived to be the best in dealing with climate change include lack of funds (144 farmers 25.9%) shortage of water (152 farmers 27.3%) poor planning (42 farmers 7.6%) and shortage of seeds (18 farmers 3.2%) as shown in Figure 1 .
Policy implications and Conclusions
The main purpose of this study was threefold: (i) to investigate whether smallholder farmers in Tanzania perceive climate change, (ii) to investigate whether, as a consequence, they adapt at all to it in their agricultural activities, and (iii) to investigate the factors influencing their choice of particular adaptation methods to climate change. The study collected and analyzed data from 556 randomly selected smallholder farming households from four representative administrative regions representing the six agro-ecological regions of the country. Farmers were asked to compare the climate between the 1990s and the 2000s decades with respect to mean and variance precipitation and temperature. There is overwhelming evidence that Tanzanian smallholder farmers perceive climate change to have occurred over the past two decades (i.e. 1990s vs. 2000s). Even though climate change is a rather long term phenomenon, statistical evidence from data provided by Tanzania Meteorological Agency provides evidence that climate change has indeed been occurring in the study areas across the two decades in question. Thus, farmers seem to be generating perceptions about climate change which are consistent with reality and, therefore, a proadaptation response to their perceptions would be appropriate and helpful to government efforts to avoid potential losses from the effects of climate change to this vulnerable group.
Those farmers who perceived climate change adapted to it in their agricultural activities. The results show that farmers who perceived climate change with respect to precipitation and temperature across the past two decades have a 43.4 percent higher probability of adapting to climate change. The results of the binary logit model of a famer's decision to undertake any adaptation at all to climate change suggest that the probability of undertaking any adaptation increases with education in the household; having observed climate change with respect to precipitation and temperature across the two decades; the frequency of drought experienced during the past 20 years; growing rice as the major crop; and agro-ecological zone. The results also suggest that the probability of undertaking adaptation to climate change decreases with temperature and rainfall levels in the farming area. Farmers located in the alluvial plains, arid, semi-arid, and southern highlands agro-ecological zones tend to do less adaptation compared to those located in the plateau agro-ecological zone. However, farmers located in the coastal agro-ecological zone tend to do the most adaptation.
Farmers mentioned short-season crops, crops which are resistant to drought, irrigation, changing planting dates and planting trees as the methods they have used to deal with the climate change. The study used a multinomial logit model to investigate the factors influencing farmers' choice of specific adaptation methods. The probability of using "short-season crops" relative to "no adaptation" increases with incidences of drought; having received agricultural technical support from community groups or government and being located in the coastal as opposed to the plateau agro-ecological zone; and decreases with rainfall intensity, incidences of floods, being located in arid, alluvial plains and southern highlands as opposed to the plateau agro-ecological zone; and growing rice and sorghum as the major crops. The probability of using "crops which are resistant to drought" relative to "no adaptation" increases with highest education level in the household and rainfall intensity; and decreases with being located in the coastal agro-ecological zone and growing either rice or sorghum as the major crop. The probability of using "irrigation" relative to "no adaptation" increases with growing sorghum as the major crop; and decreases with rainfall intensity, growing rice as the major crop and being located in either coastal or arid agroecological zones. The likelihood of "changing planting dates" relative to "no adaptation" increases with growing rice as the major crop but decreases with farm size, rainfall and temperature intensity, access to credit, growing sorghum as the major crop, distance from the input market, and being located in arid, alluvial plains, semi-arid, and southern highlands agro-ecological zones. The probability of "planting trees" as an adaptation method to climate change relative to "no adaptation" increases with access to credit and decreases with farm size, distance from the input market, growing sorghum as the major crop, and being located in the coastal agro-ecological zone.
The first and foremost role that the Tanzanian government needs to occupy itself with surrounding the effects of climate change on smallholder agriculture is to help smallholder farmers overcome constraints they face in taking up adaptation to climate change. Furthermore, on the basis of the results about the key drivers of specific adaptation methods unraveled in this study, the government can play a significant role by promoting adaptation methods appropriate for particular circumstances e.g. particular crops or agro-ecological zones. The results give guidance in targeting farmers' recruitment into initiatives aimed at enhancing adaptation to climate change using particular methods. The results also give guidance about the environmental, institutional and economic conditions which need to be reformed to promote particular adaptation methods. These include a shortage of water, funds and seeds, and poor planning as identified by the farmers themselves. 
